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Periodontal Alteration of the Microcirculation
and Hypercholesterolemia: A Possible
Correlation?
Giuseppe Alessandro Scardina, DMD, Teresa Pisano, DMD, Antonino Cacioppo, DMD,
and Pietro Messina, MD
Objective: We evaluated the morphological and parametric charac-
teristics of the periodontal microcirculation in patients diagnosed as
having hypercholesterolemia and high levels of low-density lipopro-
tein (LDL).
Methods: Forty patients were recruited, 20 of whom were affected
by hypercholesterolemia and 20 of whom were considered healthy.
A videocapillaroscopic examination was carried out on the peri-
odontal mucosa in the proximity of the frenulum (II, V sextant).
Results: The difference between the parameters of the hypercho-
lesterolemia group and the control group was evaluated with the
Mann-Whitney U-test for non-parametric ordinal data; the level
of significance being P  0.05. The videocapillaroscopy docu-
mented extremely significant differences between the two groups,
regarding the following parameters: total diameter of the loop
(P  0.0017), diameter of the afferent loops (P  0.0004), di-
ameter of the efferent loops (P  0.00008) and periodontal den-
sity (P  0.0001).
Conclusions: The capillaroscopic examination revealed a morpho-
logical alteration of the periodontal microcirculation in patients with
hypercholesterolemia, which is an expression of peripheral vascular
phlogosis.
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In subjects with hypercholesterolemia, morphological andfunctional alterations are found in correspondence with
the walls of arterial vessels, characterized by an inflam-
matory response.1 In particular, high levels of low-density
lipoprotein (LDL) contribute to the microvascular dysfunc-
tion.2
Recent studies have shown associations between peri-
odontal disease and some systemic diseases. Systemic, lo-
cal chronic, or acute infections can induce changes in the
plasmatic concentration of cytokines, which in turn deter-
mines changes in the lipidic metabolism. Scientific evi-
dence suggests that the local inflammatory processes pro-
voke a systemic response in the host.3 Therefore, subjects
with periodontal disease have an increased risk of devel-
oping metabolic syndrome.4 Some studies have shown an
association between hypercholesterolemia and severe peri-
odontal disease.5,6 In addition, these patients display a dys-
metabolic state characterized by a decreased level of high-
density lipoprotein (HDL) in the serum and an increase in
the level of LDL.7 Recently, Fentog˘lu has shown that sub-
jects with light and moderate hyperlipidemia have higher
parameter values for periodontal disease compared to
normolipidemic subjects.8 According to Pohl et al,1 the
degree of periodontal breakdown is positively correlated to
the plasma cholesterol levels. Moeintaghavi et al9 found
that hyperlipidemia might even be associated with peri-
odontitis in healthy people.
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Key Points
• Our findings showed an association between hyper-
lipidemia and periodontal morphological microcircu-
lation.
• Local inflammatory processes may provoke a sys-
temic response in the host, which means that sub-
jects with periodontal disease may have an increased
risk of developing metabolic syndrome.
• The observed changes in lipid metabolism could ei-
ther be the cause or the consequence of periodontal
disease.
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The aim of this study is to evaluate the in vivo morpho-
logical characteristics of periodontal microcirculation through
videocapillaroscopic examination in patients diagnosed with
hypercholesterolemia and high-levels of LDL without peri-
odontal disease, with the aim of revealing possible differ-
ences between them and healthy patients.
Materials and Methods
Forty subjects were examined in our laboratory (Table 1),
20 ofwhomwere affected by hypercholesterolemiawithout phar-
macological treatment (total cholesterol200mg/mL;LDLcho-
lesterol 160  LDL  190 mg/mL) and 20 of whom were
considered healthy. All subjects gave their consent in accor-
dance with Italian law. The gingival index, as well as plaque
index, was equal to zero for all patients participating in the study.
A blood test was done on hypercholesterolemic patients
who had not had anything to eat or drink, which permitted us
to measure their values of total and LDL cholesterol. When
testing the level of LDL cholesterol, which is rarely measured
directly, it can be calculated using the following formula:
total (TOT) Cholesterol HDL LDL VLDL (Very Low
Density Lipoprotein), where VLDL is the quantity of choles-
terol bound to VLDL lipoprotein.10 The VLDL cholesterol
can be indirectly calculated with a very simple formula:
VLDL  Triglycerides/5. Putting together the two formulas,
the following formula is obtained: TOT Cholesterol  HDL 
LDL  (Triglycerides/5) from which the Friedewald formula
can be easily drawn: LDL  TOT Cholesterol  (HDL 
Triglycerides/5).
The videocapillaroscopic examination was performed on
all patients within a controlled environment which included
light source, room temperature (23°C), time of day (morn-
ing), sitting position, and operator. Each examination was
repeated two times per patient for the area under investiga-
tion, regardless of whether the patient was in the control
group or in the hypercholesterolemia group. This investiga-
tion area consisted of the periodontal mucosa in the proximity
of the frenulum (II-V sextant).
Videocapillaroscopy consists of a central cold-halogen
light source, usually a 100-watt lamp fitted with an automatic-
control device to regulate luminosity, and a fibre-optic probe
Fig. 1 Periodontal microcirculation in healthy subjects. Image
200.
Fig. 2 Periodontal mucosa in patients affected by hypercholes-
terolemia. Image 200.
Fig. 3 Corkscrew capillary loops in periodontal mucosa of hy-
percholesterolemia patient. Image 200.
Table 1. Demographic characteristics of the patients
enlisted in the studya
Case
group
Control
group
M/F 6/14 6/14
Age (yr), mean  SD 65.80  8.78 60.33  13.61
Range 48–77 28–76
aM/F, male or female; SD, standard deviation.
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made up of a 2-meter flexible cable with a video-optic
terminal; the terminal itself consists of a color microtele-
vision camera and a support holding different lenses. The
lenses are made up of both contact and non-contact types
with variable enlargements of 20, 50, 100, 200,
500, and 1000. The image is then displayed on a high-
resolution color monitor.
The choice of lens was easy because studying the mi-
crocirculation of mucosa lends itself to using a contact-
type lens. For the identification of the microangiotectonic,
and for the definition of the type and group to which it
belongs, a 200 optic was used. This allowed us to ex-
plore each point of the morphostructural characteristics of
the capillaroscopic field.
Among the more important morphological parameters
we analyzed by averaging the two observations per each ex-
amined area were the length of the capillary loop, the diam-
eter of the loop, the diameter of the afferent and efferent
loops, the capillary density, and the morphology of the
loops.11,12
Results
The architecture of the microcirculation of periodontal
mucosa was found to be referable to type II group B of the
Curri classification, with capillaries of slightly long loops
arranged both parallel and perpendicular to the surface of
the mucosa, all of uniform caliber, hairpin in shape, and
winding back on themselves (Figs. 1 and 2). In addition,
particularly tortuous (corkscrew) loops were also found
(Fig. 3), as well as arborescent ones (bush-like, wound-up
balls; Figs. 4–6). The periodontal microcirculation of some
patients stood out for the presence of microhemorrhages,
Fig. 4 Particularly tortuous capillary loops in periodontal mu-
cosa of hypercholesterolemia patient. Image 200.
Fig. 5 Deer antler loops in periodontal mucosa of hypercholes-
terolemia patient. Image 200.
Fig. 6 Masticatory mucosa in patient affected by hypercholes-
terolemia. Image 200.
Fig. 7 Gingival mucosa and presence of microhemorrhages in
patient affected by hypercholesterolemia. Image 200.
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as a result of vascular disorder (Fig. 7), and for the alter-
ation of normal architecture (Fig. 8).
In consideration of the morphofunctional alterations in
the periodontal mucosa, including their gravity and frequency
as evidenced by the capillaroscopic examination, an alter-
ation of the capillaries can be seen. This architectural disorder
can be observed by the slightly tortuous, arborescent capillary
loops, and by the presence of sporadic microhemorrhages. A
significant difference can also be seen in the diameter of the
loops of the two groups examined.
The results of the statistical analysis of the data, divided
by the parameters of interest, are shown in the following table
(Table 2). The difference between the two groups, including
parameters of the total diameter of the loop, the diameter of
afferent loops, the diameter of efferent loops, and the peri-
odontal density, was highly significant.
Discussion
Experimental and clinical data suggest that an increased
level of LDL cholesterol is associated with damage to endo-
thelial functioning. Hypercholesterolemia seems to convert
the normal anti-inflammatory phenotype in microcirculation
to a pro-inflammatory phenotype. In addition, it alters the
endothelial function, decreasing the availability of nitric ox-
ide, probably through the increase of oxygen and the produc-
tion of free radicals.13 Research has shown a correlation be-
tween the immune system and hypercholesterolemia. The
T-lymphocytes seem to be involved in a series of endothelial
changes, which eventually leads to the accumulation of leu-
cocytes in the postcapillary venule and to the endothelial
dysfunction of the arterioles.14
Maglakelidze et al carried out a study on rabbits with hy-
percholesterolemia which revealed significant changes in the
extracellular matrix and in the mucosa cells of the gums, as well
as in the microcirculatory bed. Hypercholesterolemia damages
the endotheliocytes, the subendothelial areas, and the basal mem-
branes with changes in permeability. The contact of the lym-
phocytes and the plasmocytes with the vascular wall confirms
the role that the triggers of the vascular factor play in damaging
the vascular complex.15 Maklakelidze et al studied the morpho-
logical substratum of the gingival mucosa during the increase of
the proatherogenic concentration of lipids, and the damage to the
gums under the influence of an atherogenic diet. Using the plani-
metric method, the average rates of the number of capillaries,
venules, and arterioles were defined, as well as the quantity of
immunocompetent cells (macrophages and lymphocytes) in the
subepithelial gingival connective tissue of rabbits with hyper-
cholesterolemia. In the subepithelial layer of the gingival mu-
cosa, a deformed lumen was observed.16
Acute infections are known to interfere with lipid me-
tabolism, and the elevation of plasma triglycerides has been
observed, especially in infections with Gram-negative bacte-
ria. These changes are thought to be mediated by cytokines
such as Interleukin-1 (IL1) or tumor-necrosis factors (TNF),
which may be produced at the inflamed periodontal tissues in
high quantities. These biological signaling molecules from
local inflammation have a myriad of physiological effects,
including promoting enhanced lipogenesis, increased lipoly-
sis, and reduced lipid clearance. The end result is hyperlip-
idemia, or an accumulation of serum-free fatty acids (FFA),
LDL, and thyroglobulin (TG).
A possible role for hyperlipidemia in the development of
periodontitis is indicated in several studies. Hyperlipidemia is
Fig. 8 Gingival mucosa and disorderly orientation of the cap-
illary loops in patient affected by hypercholesterolemia. Image
200.
Table 2. Overall results of the statistical analysis, carried out with the Mann-Whitney U testa
Parameter of
interest
Cases
(median  SD)
Control
(median  SD) P Significance
Length 0.214  0.052 0.196  0.064 0.13 NS
Total diameter 0.039  0.005 0.030  0.007 0.0017 S
Efferent diameter 0.017  0.002 0.010  0.003 0.00008 S
Afferent diameter 0.012  0.002 0.007  0.002 0.0004 S
Density 33.914  9.205 20.082  3.574 0.0001 S
aSD, standard deviation; NS, not significant; S, significant.
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known to cause hyperactivity of white blood cells.17 Hyper-
activity of white blood cells, for example, because of an
increased production of oxygen radicals,18 has been shown to
be associated with progressive periodontitis in adults.19
We believe this to be the first scientific research within
the odontostomatologic field that employs videocapillaros-
copy for the morphofunctional evaluation of periodontal mi-
crocirculation in patients affected by hypercholesterolemia.
Capillaroscopy has led to very important diagnostic results, in
regard to the alterations of the periodontal-area microcircu-
lation in patients with hypercholesterolemia, as opposed to
healthy patients. In fact, capillaroscopic examination has al-
lowed us to statistically determine a significant increase in the
parameters of the diameters each of capillary loops, afferent
loops, and efferent loops, and in the periodontal density of
subjects with hypercholesterolemia at the P  0.05 level.
If considered all together, these results indicate the pres-
ence of a disturbance in periodontal microcirculation and an
expression of phlogosis in the district. In patients with hy-
percholesterolemia, the endothelium is abnormal with in-
creased levels of low-density lipoprotein. Microvascular al-
teration is a systematic process that manifests itself in a similar
way within the vascular layers of multiple tissues within the
organism. Our findings indicated an association between hy-
perlipidemia and periodontal morphological microcirculation.
However, it is not clear yet whether the observed changes in
lipid metabolism could be the cause or the consequence of
periodontal disease. Further studies are needed to determine
the exact role of hyperlipidemia and periodontal disease, and
their relationship to each other.
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